４次元データを直感的に観察するためのインタラクティブな４次元空間ディスプレイに関する研究 by Sakai Yukihito
     	
                       !  "  #$%  !   &'()*+,-./01234567 89+:;<=>?&'(@A)=BCD80E34	
         FGGHGGI   JKG  GLM   NOPG  GO  QRSTQUVWXY	
       Z[[\]GG Z^_ 
 	
 !"#$%&
	'()*+,-./01234
"#$%&+56+7892:#$%&;<9:#$=>?@A!BC9DEFG92 :#$=>
:#$HIJKLM=>NO9:P
Q!?R92S>!
:#$=>+TUVW+:#$%&?@A!DE
X9YZ[:#$%\&]^%\&_
"#$=>
%\&+`!abW%\&Vcd!bV:#$=>+efgh!di "#$=>
jWkelm\S>
"#$=>+&U!nop4Wqr "#$%&+ s#$tuvw*Vx!s#$tuv "#$%&yz+{|}~I34
"#$=> :#$%&+ "#$tuvBC[&U!di:#$=>++
WZ34+FA
S>V :#$=>TU9DE1+JWd (2c!b2)*+ :#$=>!.q
qr9:#$%&tu^!;92tu cqr¡¢£9qb2Vq¤¡¢!.¥¦V§:#$=>+J¨©FG956
ª«¬V :#$=>+efgh­I®IM~©¯LJ!.°±²;<W :#$%&³4W\´jFA+ci:#$=>µ¶VW!;9234
:#$=>+q-¥·9WVp4Wqr¸N\´j2:#$=>¹º!µ¶1+{»¼K½¾¿ÀÁ :#$=>Â¯ÃÄ¨¯¾
ÅÆdghÆq9ÇIÈ|»ÉÊËIÌÍ%&Â¯ÃÄÎÏÉÏ}IÇLM!dÐ2¿ÑbÒ¨¯¾
"#$=>+S>+¶h :#$=>+qrµ¶!;ÓbÔ!diS>+ "#$=>+TUÕ9WV:#$=>K{»¾!&U9:#$=>+p4WÖ×dØÙ¸N+q-?@A! :#$%&BCVÒ¨¯¾
:#$%&+ÂI¿Ú]ÛÜÖÝ_Þ9p4W :#$%&+qVß²W*àá.â"#$ãäåÂIæ+çÜW :#$+qècYZ[=>+ "#$!ã>+ #$éZ :#$!
êë"#$=>!ã>¡ "#$wì "#$ã=>! "#$=>+ s#$!ã>±é92í V34+îï+ðñ :#$¦i#$òóÔôWã>
"#$=>!¡õöbÔ÷W÷øc1" #$ù&+ú¶dû¡æüê9d*ýþ!
"
 	
	 !"#$%&'()* +,-.%/0	12"340 #56 +
780	9:;*<.=>?+
	!"+@ABC"#	
$ +D!E@AFG-HIGFJ<$ +
K0.%/!"+
$LMNOPQ"RS	* +,-TU*VWXYZ	[	F\Q"+
]^_40	!*+,-`B$abcd+
$efghi0jk9IGF"+
 bc
VW_4Il*Ym
$ #,-nQo"pGYqZrsFFtu* !"+
$vU*%w\Px%y"`B$%zXYJv* +,- #{|}~U!"+
]^_4F"#56
1 +56\Px
$%&0	*<"
40$40	$ !"$	["$0$[!" +\Px +
 ¡012$i~¢h{£¤*¥¦§0	> !"+¨678012$©}¢ª\Px«¬|­®$4¯°±F+$@²* ¡WIl12"+¨6$©}¢ª	F³´,-dµwg"¶·,-d¸y"cf"¹gº»1¹ #¨6$¼|½¾¬©¿780	PQ"¹ÀÁ$RÂKÃ@² ¡Ä0<*Å11"«¬|­®$4¯°PQ"Jv* +¨6\Px +,-$.%/.=1 #!"vU*%w\Px%y	`B$%zPÅF +¨6.%/012$Æ¿Ç|È ±F+¨6$.%/!"ÉÊËÌ"bÍËÌ"#dabcgPhi"vU*jkIGF"'GY!Î*Æ¿Ç|È PÅFÍÏGF\Q"Ð1Ñ !)U!"GY$78 ÒÀÑ P 6ÓÔ"+ÕhÖ£½{$'/ÍÅ1ÒÀÑ !"³´×NOØÙ$*ÚÛ*Ü78"ÝÞßwà2F'/.=>Q"áÜâ +ÆÖ£~á"+ãÌá9à2F ÒäÒÍå$ ÒyÜáæÆ¿Ç|È !"ç´*%w\Px%yVWXY9 +¨6.%/*<"+$%zèé0	PQ"ÉÊËÌ"bÍËÌ"hi"+¨6$Jv*ÐFê?	U!"+¨6ëì9íîKï$.%/9ðZ"ñò$vóÄÎw$ôõ>	1
  	
  !"#$%&'() '(*+
,-./ 0123456789&
:;1<=>1?
@A1B C:"#D0EF9*)GH345678	
IJKL
MNKL
OOPQRS345678T
1BTUVWXFY
QZ[&\Q]^%
:; C:G_T0E[*)[`[Da
bc]1<=>deUVTfg]hiWXF	j[k
lmnFoO8FQgTp%*)qXr;	
osThiW*t
uvT wxy=>z{|}~&
uvTmb~  OoO8T[*)X+osY
u T`[Da
TWXFD
 Oy F}* T6348G_WXFD) ,	
=>@A1BC: 012Fq[%/$%&'()GH	
TWXFD*t
QR 	 jT¡t* ¢£¤¥=>¦2§=>¨©?"#T0E[*ªk
«¬­F%9*®4¯1°T±²[*)³*
«1BTUVWXFY
GHoO8´µ¶D
O·¸
¹ºmO4m
»m ¸P ¼½ => ¾¿ÀÁÂÃÄ]ÅXFT_[*)r;	
XT}ÆWXFY
¥ÇÈ=>ÉÊËÌP
:;ÍBÆDÎÏFÐÑ&%) Ò	
ÓÔÕTÖ×[
ØÙ=>ÚÛT'()F 012=>"#`a
GHoO8ÜÝÞÃßT_[*)¢£T !àáI\Q]012 ,-.//ÙâTãyä
¸ OQR2åæ[*)ÓÔÕGHW  OoO8	
çè ¢£TG_
u T`[Da
fg] ¢£T"#F%+éê<TÂ$)ëy+
GHoO8	
¢£T"#W*tìíî=>ÛïîðñWÂÅF%Ñ
ÔÕ®4`ahÆ®4ò[&%)óô
ÓÔÕÚÛTõ'W)GHoO8	
çè ¢£012D0E*t
¢£012
ö/÷ø
°ùúûPÍBÆDÎÏ)üô	
/TýþW*tOÿ =>ýþP
:;G_hYµFFÂ
GHoO8TÆ%*	]

³*
Å%	uD»mF[*FTh]Õ[&%*%)
    	
  !"#$%&$'()*+)*+)*+)*+,-,-,-,-,- ./01213456061752/8196:21;434<=>4/?@A1;BC:14C6D5E6FB@31;BG1:/6D1H6314CI4?JCAB?:36CA1CKL2?BB@A1;BC:14C6DM4314C7NL2BO4/?C6D4I32BPC:313/3B4IP;6KBQDBF3?4C1F:QCK1CBB?:4IO6E6C7 7R7EESTUSVWO/DXYZZT[	
7\]^ _<=R`abcdefghij R`aklmnbo7Npmqrs"7 7S7EEYTRUYVRWYZZTS[./01213456061752/8196:21;434<=PC3B?6F31tB>4/?@u1;BC:14C6D5E6FBG1:/6D1H6314CJ:1CK>1tB@u1;BC:14C6D94;4KBCB4/:v?4FB::1CKI4?PC3/131tBJCAB?:36CA1CK7NL2BO4/?C6D4I32BPC:313/3B4IP;6KBPCI4?;6314C6CALBDBt1:14CQCK1CBB?:7 7Z7EEWZV[wSZUWYx[wRTWyF34zB?YZZw[6D:41::/BA1C6C4CD1CB84/?C6D<./01213456061752/8196:21;434<=PC3B?6F31tB>4/?@u1;BC:14C6D5E6FBG1:/6D1H6314CJ:1CK>1tB@u1;BC:14C6D94;4KBCB4/:v?4FB::1CKI4?PC3/131tBJCAB?:36CA1CK7NPCI4?;6314C6CAMBA16LBF2C4D4K1B:77Y7EExTRUx{WO/CBYZZT[./01213456061752/8196:21;434<=Ru54D1A|BE?B:BC36314CI4?G1:/6D1H6314C7Nv?4FBBA1CK:4I32BLBC32PC3B?C6314C6D}4CIB?BCFB4CG1?3/6D5X:3B;:6CAM/D31;BA167EEx{SUwZW~4tB;zB?YZZR[	
7\]^ _<=R` a7NY }yQsmY}yQ ¡¢£¤WYZZTV[	
7\]^ _<=R` a¥klmnbo¦ S` a§¨m©ª7N«¬­©rs®w{¯ °±²sW³´{[,-*+µ7EER@RTUR@xVWYZZTS[	
7\]^ _<=¶·¸¹©ªmjºm R`akl»¼½m¾7Npmqrsp½¿¡YZZwWYZZw{[	
7\]^ _<=¶·¸¹©ªmjºm R` a G|½7NÀ]ÁÂrsÃÄÅ,-sYZZw,-*+µ7v@uxW[Uv@uxWR[WYZZwx[	
7\]^ _<=¶·¸¹©ªmjºm R`akl»¼½7N«¬­©rs®wV¯ °±²sW³´V[,-*+µ7EER@R{UR@xZWYZZwS[
    	


 !"#$	%&'()*+,-./0123456789:;<)=>?@ ABCDEFG:HIJKLMNOPQRSETUVWX;YZ[\ ]^_` aNbQ cdefghdi)iijklmnno>pqrfshstduvfvs)uhrwsxvghsydtd./z{|{}diy{~td0zsy{~gd~v}sgrv}svtsd~ugt{y)=ed{{s~gdth{~ABCAds~tcdefghdid~rtre{{h~d}ds{gd{hvted~sgdestgeds~d}{s~uysdtsuds{tsthxryv~)imrrgtnnop%&'())./ ¡¢£¤¥; ]12¦2.§¨©ªU«¬­S®1¬­)=nn>¯°±²³M´µ¶M³XM·¸¹)i0mnn>p%&'(./º»¼½­¾;¿À;0123456ÁÂ9ÂÃ;<)=Ä+³XÅÆM³ a!ÇÈÉ_` amÊp) )>)nnËÌmnnl0knn]p
    	


 
